Abstract: Suspensory femoral graft fixation has been a popular and reliable method in anterior cruciate ligament (ACL) reconstruction. Some authors have introduced suspensory femoral fixation in posterior cruciate ligament (PCL) reconstruction using inside-out (IO) technique. The use of IO technique for femoral tunnel preparation could significantly sharpen the critical corner, which might result in graft failure. A retrograde drilling pin that recently has been popular in ACL reconstruction allows "no incision" in the outside-in (OI) technique for the creation of a femoral socket. Here we describe the suspensory femoral fixation using a retro-socket technique in single-bundle PCL reconstruction. By using this technique, it is possible to create a retrograde femoral socket for suspensory femoral fixation in an OI manner in a desirable direction and reduce angulation of the graft in the entry area of the femoral tunnel.
S uspensory femoral graft fixation has been a popular and reliable method in anterior cruciate ligament (ACL) reconstruction. 1 Some authors have introduced suspensory femoral fixation in posterior cruciate ligament (PCL) reconstruction using an inside-out (IO) technique.
2, 3 Handy et al. 4 have compared critical corner angles between outside-in (OI) and IO techniques for femoral tunnel placement in PCL reconstruction. Although their research was a 2-dimensional cadaveric study, they concluded that the use of an IO technique for femoral tunnel preparation could significantly sharpen the critical corner. 4 A retrograde drilling pin, FlipCutter (Arthrex, Naples, FL), which has recently become popular in ACL reconstruction, allows "no incision" in outside-in (OI) technique for creation of a femoral socket. 5 In this Technical Note, we describe a retro-socket technique for suspensory femoral fixation in singlebundle PCL reconstruction using FlipCutter and cortical suspension device TightRope RT (Arthrex) (Video 1, Tables 1-3) .
PCL Reconstruction Technique
The patient was placed in a supine position on the operating table with appropriate tourniquet applied over the cast padding. The knee portion of the bed was flexed at more than 90 so the affected knee could freely dangle at the end of the operating table. The opposite limb was positioned in a supporting leg holder at a lithotomy position.
Standard arthroscopic examination was done using standard anteromedial (AM), anterolateral (AL), and superomedial (SM) portals to evaluate PCL lesion and treat the associated lesions, including meniscus, cartilage, etc. When the PCL was ruptured, the ACL appeared pseudo-lax and tightened during an anterior drawer test of the tibia (Fig 1) . The arthroscope then passed easily from the AL portal to the posteromedial (PM) compartment through the intercondylar notch with knee flexion of 90
. The arthroscope was placed in the PM compartment and advanced medially as much as possible. From outside, the medial wall of the PM compartment was directly palpated and the soft spot was located between the medial collateral ligament, the medial head of the gastrocnemius muscle, and the semimembranosus tendon. 6 An 18-guage spinal needle was used to make the PM portal just above the joint line under arthroscopic view. A small longitudinal incision was made on the PM compartment using a no. 11 blade. It was important to observe the needle under direct visualization to prevent close placement of the needle to the medial femoral condyle. If the PM portal was created too close to the medial femoral condyle, it would be hard to handle the instruments. The posterolateral (PL) portal was also made using a switching stick inserted into the PM portal to PL compartment with penetration of the posterior septum. It was established on the palpable point of the switching stick. The trans-septal portal was made by connecting the PM and PL portal. 7, 8 The tibialis anterior or posterior allograft tendon (Community Tissue Services, Kettering, OH) was used for graft preparation and a 2-strand graft with a minimum length of 10 cm was prepared. The allograft tendon was whip-stitched at both ends using a no. 5 Ethibond suture (Ethicon, Somerville, NJ). One free end of the graft was passed inside the loop of the TightRope RT and 2 equal strands were made by folding the graft.
A 2-cm longitudinal skin incision was made on the medial portion of the proximal tibia, just 3 to 4 cm distal to the joint line for contact of the tibial drill guide. Under direct visualization with the arthroscope from the PM portal, the PCL guide was inserted from the AM portal at an angle of 55 to decrease the acute angulation at the posterior tibia. A metal stick was inserted carefully from the PL portal to free up the posterior capsule behind the remaining PCL fibers. The neurovascular structures could be protected by this procedure as a result of the posterior displacement of the capsule. The guide pin was targeted toward the PCL fossa and the lateral portion of the PCL stump.
9,10 A tibial tunnel guide pin was inserted carefully under direct visualization. When the tip reached the posterior cortex, the drilling speed was slowed down so as not to penetrate the cortex suddenly. The tibial tunnel was made using a reamer with the same size of the graft diameter after inserting the PCL guide pin. The migration of guide pin was prevented by positioning of a curved curette at the end of the guide pin. A twisted wire was prepared and passed from the proximal tibial opening. It brought out the AM portal using a grasper through the tibial tunnel.
The femoral tunnel was created using the OI retrosocket technique. The arthroscope was inserted via the AL portal and the femoral guide set was introduced via an AM portal at an angle of 60 using a FlipCutter Table 1 .
Step-by-Step Details of Technique (Fig 2) . A stab incision was made anteromedially over the vastus medialis oblique (VMO) muscle at the level of the superior pole of the patella. The FlipCutter was advanced with forward drilling into the knee joint (Fig 3) . Once the FlipCutter entered from the outside, the 7-mm drill sleeve tip was tightly tapped into bone. The blue hub was unscrewed in a counterclockwise direction. The FlipCutter tip was slid forward to flip the tip into retrograde reaming position (Fig 4) . The blue hub was retightened in a clockwise direction to lock the blade at 90 . The depth marker was set to the base of the drill sleeve. The FlipCutter was drilled on forward setting while pulling distally to create the socket. The socket length could be read off of the pin. Usually 20 mm of femoral socket was created (Fig 5) . The blade was straightened again in the joint and the blue hub was slid back. 
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The looped wire for the graft passage was inserted through the drill sleeve to reach the AM portal. The graft passage was done stage by stage. The prepared graft was first passed into the knee joint through the tibial tunnel from the proximal tibia using a twisted wire under direct arthroscopic vision in the AL portal. Next, the tendon portion of the graft was passed into the femoral tunnel with the aid of a femoral wire shuttle. The TightRope RT button should be directly visualized to pass the femoral socket without difficulty (Fig 6) . The graft was advanced by pulling the tensioning strands in the same direction as graft advancement.
After proper seating of the tendon graft in the femoral tunnel, retensioning of the graft was done by moving the knee 20 times through a full range of motion while pulling on the graft prior to tibial graft fixation. An anterior drawer force was applied to the proximal aspect of the tibia with the knee flexed at 70 to 90 . Tibial fixation was achieved with a long bio-absorbable interference screw (BioComposite screw; Arthrex) that was oversized by 0.5 to 1 mm with respect to the tibial tunnel diameter. The distal free end of the graft was secured with a metal screw (Post and Washer; Arthrex) and spike washer onto the anteromedial tibial cortex. Finally, tensioning of the grafted PCL was performed (Fig 7) . Postoperative radiographs were also checked (Fig 8) .
Discussion
Surgical treatment of PCL injuries remains challenging because of difficulty in technique and variability in outcome. 11, 12 Several techniques and devices have been used for fixation of a PCL reconstruction. 13 Nevertheless, several techniques have been used for femoral tunnel creation, and the OI and IO techniques have been the most popular choices. In the IO technique for femoral tunnel preparation, the guide pin was placed in the notch through the AL portal and advanced until it penetrated the medial femoral cortex. 12 Although this technique can minimize damage to the VMO muscle and avoid an additional incision with less for free dangling of the affected knee at the end of the operating table. The femoral guide is inserted via an anteromedial portal at a 60 angle using a FlipCutter drill guide system. The arthroscope is inserted through the anterolateral portal. The socket length could be read off of the pin. Usually 20 mm of the femoral socket is created. 11 Poor femoral tunnel orientation may result in excessive femoral-sided graft angulation. 2 This could be potentially worse than the killer turn described for the tibial tunnel. 2 In contrast, the OI technique for femoral tunnel creation uses a guide to drill into the notch from outside the femoral cortex. During PCL reconstruction, the graft/femoral tunnel angle (critical corner angle) is critical and a contributing factor of early loosening and failure of the PCL. 12 The OI technique has a lower graft-femoral tunnel angle compared with the IO technique, which has high graft-femoral angles with increased shear stress and internal graft pressure. 12 Handy et al. 4 have reported that the IO technique has a significantly sharp critical corner angle compared with the OI technique, which means that there is biomechanical disadvantage in the IO technique compared with the OI technique.
The conventional OI technique has shortcomings such as violation of VMO muscle and additional incision, which could be harmful to the extensor mechanism, with enhanced risk of osteonecrosis because of more bone removal. 12 Our technique minimized such disadvantages mentioned above by using TightRope RT and FlipCutter. FlipCutter was used for the bonesparing procedure without violating VMO or soft tissue. Retrograde socket technique using FlipCutter has shown reduced fragmentation of tunnel rims and smooth, consistent walls of tunnel compared with an antegrade technique. 14 The maintenance of tunnel rim integrity could provide better graft-tunnel interface and superior graft incorporation and fixation with minimized tunnel widening. 14 Some studies reported that cortical suspensory fixation device resulted in tunnel widening because of micromotion of the graft within the bone tunnel during loading. 15, 16 However, the stability and biomechanical properties of cortical button fixation was proved in many studies despite the concern of tunnel widening. 17 There were no differences in anteroposterior stability and other clinical outcomes between cortical suspensory device and interference screw fixation. 18 All fixation techniques had similar results for fixation, without the superiority. 1, 17, 18 We believe that our technique has some advantages. One of the main advantages of this technique is that making a femoral socket in the desired direction is possible with less graft angulation in the entry area. In addition, violation of the VMO muscle can be avoided with retro-drilling. The FlipCutter pin measures 3.5 mm in diameter, allowing femoral socket creation through portal-sized "stab incisions" (Table 2 ). Furthermore, we used a trans-septal portal for direct visualization of the PCL stump (Table 3) .
However, our technique also has several disadvantages. First, it is difficult to use autograft because of the need for a relatively long graft. Second, posterior arthroscopy including a trans-septal portal is a technically demanding procedure. In addition, this technique is a single-bundle reconstruction technique that might not be appropriate for surgeons who favor a doublebundle reconstruction technique. However, a retrosocket technique can be used for double-bundle reconstruction with 2 retro-sockets.
Our retro-socket technique for suspensory femoral fixation can provide a precise PCL reconstruction with correct, anatomic femoral bone tunnels in the desirable direction.
